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(54) Labeling reactants and their use 



(57) The invention relates to a novel labeling reac- 
tant, suitable for labeling of a biospecific binding reac- 
tant using solid-phase synthesis. The invention further 
concerns new labeling methods. The novel labeling re- 
actant has the formula (f) 



R 

/ 

G 
I 




R' R'R' R' 

wherein 



A is a bivalent aromatic structure capable of absorb- 
ing light or energy and transferring the excitation en - 
ergy to a lanthanide ion after the product made by 
the said solid-phase synthesis has been released 
from the used solid support, deprotected and con- 
verted to a lanthanide chelate; 

R is - Z(G' - NH - X) G" - E, where 

X is a transient protecting group; 

E is a carboxylic acid, its salt, active ester or halide; 

Z is the bridge point; 

G is a bridge between A and Z, G' is a bridge be- 
tween NH and Z and G H is a bridge between E and Z. 

FT is -COOFT where FT is an alkyl of 1 to 4 carbon 
atoms, phenyl or benzyl. 
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Description 

FIELD OF THE INVENTION 

5 [0001] This invention relates to novel compounds suitable for labeling of a biospecific binding reactant using solid- 
phase synthesis. The invention relates further to novel methods of labeling a biospecific binding reactant in a solid- 
phase synthesis. 

BACKGROUND OF THE INVENTION 

w 

[0002] The publications and other materials used herein to illuminate the background of the invention, and in partic- 
ular, cases to provide additional details respecting the practice, are incorporated by reference. 

[0003] Solid-phase synthesis is a well-known and widely spread technology in modern organic chemistry for prep- 
aration of various biologically important compounds. It has found many new applications such as combinatorial libraries 

15 and the peptide-based DNA analogue (PNA, peptide nucleic acids). Along with the technology development, the need 
for labeling those biologically interesting compounds during solid-phase synthesis has appeared. Several non-fluores- 
cent labeling candidates have been published (Arya, R. and Gariepy, J., 1991 , Bioconjugate Chem., 2, 323, Cuenoud, 
B. and Schepartz, A., 1991, Tetrahedron, 47, 2535; Rana. T.M., Ban, M. and Hearst, J.E., 1992, Tetrahedron Lett, 33, 
4521; Song : A.I. and Rana, T.A., 1997, Bioconjugate Chem , 8, 249). These labels have been developed mainly to 

20 incorporate metal ions such as Fe, Cu in a peptide to act as sequence-specific cleaving agents for proteins. 
Radioactive l53 Gd, l11 ln etc. can be used for in vivo tumor localization and radioimmunotherapy. These published 
monomers can be used as luminescent labels using lanthanide ions and a separate luminescence enhancement step 
but a separate enhancement step is needed to produce the luminescence to be detected. During the luminescence 
enhancement the lanthanide has to be dissociated from the label and then spatial information will be lost. 

2S [0004] Fluorescent label monomers for solid-phase synthesis have been published (Lohse, J., Nielsen, P.E., Harrit, 
N. and Dahl, O., 1997, Bioconjugate Chem., 8, 503; McCafferty, D G, Bishop, B.M., Wall, C.G., Hughes, S.G., Meck- 
lenberg, S.L., Meyer, T.J. and Erickson, B.W., 1995, Tetrahedron, 51, 1093; WO 96/03409). Fluorescein and other 
organic chromophores were used in those studies. However, such labels and labeled biomolecules suffer from many 
commonly known drawbacks such as Raman scattering, other fluorescent impurities, low water solubility, concentration 

30 quenching etc. 

[0005] In the specific binding assays, such as e.g. immunoassays, DNA hybridization assays, receptor-binding as- 
says, and cellular binding assays, generally very low concentrations of the analytes to be measured are present. There- 
fore, various labeling compounds have been developed that allow the labeled reactant to be detected and quantitated 
with high sensitivity. In immunoassays and DNA hybridization assays, time-resolved luminescence spectroscopy using 

35 lanthanide chelates is well known (e.g. I. Hemmila, T. Stahlberg, and P. Mottram (eds ), "Bioanalytical Applications of 
Labeling Technologies", Wallac, Turku, 1994). Stable photoluminescent (in this context simply referred to as lumines- 
cent) lanthanide chelates also have other applications, e.g. fluorescence microscopy and cytometry. Therefore, a 
number of attempts have been made to develop new highly luminescent chelate labels suitable for those types of time- 
resolved fluorometric applications. These include e.g. stable chelates composed of derivatives of pyridines (US 

40 4,920,1 95. US 4,801 ,722, US 4,761 ,481 , PCT/FI91/00373, US 5,459, 186. EP Appl 0770610, Remuinan, M.J., Roman, 
H., Alonso, M.T and Rodriguez-Ubis, J.C., 1993, J. Chem. Soc, Perkin Trans. 2, 1099), bipyridines (US 5,216,134), 
terpyridines (US 4,859,777, US 5,202,423, US 5,324,825) or various phenolic compounds (US 4,670,572, US 
4,794,191, Ital. Pat. 42508 A/89) as the energy mediating groups and polycarboxylic acids as chelating parts. In ad- 
dition, various dicarboxylate derivatives {US 5,032,677, US 5,055 : 578 ; US 4,772.563), macrocyclic cryptates (US 

•*s 4,927,923, WO 93/5049, EP-A-493 745) and macrocyclic Schiff bases (EP-A-369 000) have been patented. None of 
these patents and articles present any methods for labeling of a biospecific binding reactant such as a hapten, a 
peptide, a receptor ligand, a drug or PNA oligomer, with luminescent labels by using solid-phase synthesis. 

OBJECTS AND SUMMARY OF THE INVENTION 

50 

[0006] A main purpose of the present invention is to solve the problems associated with labeling of small molecules 
with luminescent chelates and to develop easier labeling methods. By preparing suitable ligand structures together 
with solid-phase synthesis the labeling of small molecules with directly luminescent lanthanide chelates is achievable. 
[0007] One object of this invention is to provide a novel labeling reactant suitable for labeling of a biospecific binding 
55 reactant using solid-phase synthesis. 

[0008] Another object of the present invention is to provide a novel method for labeling of a biospecific binding 
reactant in solid-phase synthesis 

[0009] Yet another object of the present invention is to provide a method of labeling a biospecific binding reactant 
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with an exact, predetermined number of labeling reactanls (one or several) 

[0010] Thus according to one aspect, the present invention concerns a novel labeling reactant of formula (I) suitable 
for labeling of a biospecific binding reactant using solid-phase synthesis 



R 

G 
I 

(I) 

, 5 R' R'R' R' 



wherein 

zo A is a bivalent aromatic structure capable of absorbing light or energy and transferring the excitation energy to a 

lanthanide ion after the product made by the said solid-phase synthesis has been released from the used solid 
support, deprotected and converted to a lanthanide chelate; 



R is - ZtG'-NH-XJC-E, where 

' X is a transient protecting group, where said group is e.g. 2-(4-nitro-phenylsulfonyl)ethoxycarbonyl, trityl, 4-meth- 
oxytrityl, 4,4'-dimethoxytrityl, terf-butoxycarbonyl, ftuorenylmethyloxycarbonyl; 

E is a carboxylic acid, its salt, active ester or halide, where the said ester is e.g. an /V-hydroxysuccinimido, o, p- 
30 or m-nitrophenol, 2,4-dinitrophenol or pentafluorophenol, and the said halide is fluoride, bromide or chloride; 

2 is the bridge point and is formed from 



35 I I 0 I 0 




— CH ^N^ >L ^ ^\ ^P. 



40 



or trivalent derivatives, substituted of unsubstituted, of cyclohexane, cyclohexene, cyciohexadiene, benzene, cy- 
clopentane, cyclopentene, cyclopentadiene, cyclobutane, cyclobutene, cyclobutadiene, aziridine, diaziridine, ox- 

45 etane, thietane, azete, azetidine, 1,2-dihydro- 1,2-diazete, 1 ,2-diazetidine ; furan, tetrahydroturan, thiophene, 

2,5-dihydrothiophene, thiolane, selenophene, pyrrole, pyrrolidine, phosphole, 1 ,3-dioxolane, 1 ,2-dithiole, 1,2-thi- 
olane, 1 ,3-dithiole, 1 ,3-dilhiolane, oxazole, 4,5-dihydrooxazole, isoxazole, 4,5-dihydroisoxazole : 2,3-dihydroisox- 
azoie, thiazole, isolhiazole, imidazole, imidazolidine, pyrazole, 4,5-dihydropyrazole. pyrazolidine, Iriazole, pyran, 
pyran-2-one, 3,4-dihydro-2H-pyran, tetrahydropyran, 4H-pyran, pyran-4-one : pyridine, pyridone, piperidine, phos- 

50 phabenzene, 1,4-dioxm, 1,4-dithiin, 1 ,4-oxathiin, oxazine, 1 ,3-oxazinone, morpholine, 1,3-dioxane, 1 3-dithiane, 

pyridazine, pyrimidine. pyrazine. piperazine, 1 ,2,4-triazine, 1 ,3,5-triazine, 1 .S S-triaza-cyclohexane^^^- trione; 

G is a bridge between A and Z. G' is a bridge between NH and Z and G" is a bridge between E and Z, same or 
different, not necessary present, and are formed of one to ten moieties, each moiety being selected from the group 
55 consisting of phenylene, alkylene containing 1-12 carbon atoms, ethynediyl (-C^C-) : ether (-0-), thioether (-S-), 

amide (-CO-NH- and -NH-CO- and -CO-NR'- and -NR'-CO-), carbonyl (-CO-), ester (-COO- and -OOC-), disulfide 
(-S-S-). diaza (-N=N-), and tertiary amine (-N(R». wherein R u represents an alkyl containing less than 5 carbon 
atoms; 
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10 



R' is -COOfT" where FT' is an alkyl of 1 to 4 carbon atoms, phenyl or benzyl, which phenyl or benzyl can be 
substituted or unsubstituted 

[0011] According to another aspect, this invention concerns a novel method of labeling a biospecific binding reactant 
in a solid-phase synthesis. Said method comprises the steps of 

a) reacting a labeling reactant of formula (I) 



R 

/ 

G 



15 



20 



30 



35 



40 



45 



50 



FT R'R' FT 



wherein 



A is a bivalent aromatic structure capable of absorbing light or energy and transferring the excitation energy 
25 to a lanthanide ion after the product made by the said solid-phase synthesis has been released from the used 

solid support, deprotected and converted to a lanthanide chelate; 

R is - 2(G'-NH-X)G"-E, where 



X is a transient protecting group, where said group is e.g. 2-(4-nitrophenylsulfonyl)ethoxycarbonyl, trityl, 
4-methoxytrityl, 4,4'-dimethoxytrityl, terf-butoxycarbonyl, fluorenylmethyloxycarbonyl; 

E is acarboxylic acid, its salt, active ester or halide, where the said ester is e.g. an /V-hydroxysuccinimido, o-, 
p-or m-nitrophenol, 2,4-dinitrophenoI or pentafluorophenol, and the said halide is fluoride, bromide or chloride; 

2 is the bridge point and is formed from 



O I o s 

-9» ^ A / A J* 



ortrivalent derivatives, substituted of unsubstituted, of cyclohexane, cyclohexene, cyclohexadiene, benzene, 
cyclopentane, cyclopentene, cyclopentadiene, cyclobutane, cyclobutene, cyclobutadiene, aziridine, diazirid- 
ine, oxelane, thielane, azete, azetidine, 1 : 2-dihydro-1 ,2-diazele, 1 ,2-diazelidine, furan, letrahydrofuran, thi- 
ophene, 2,5-dihydrothiophene, thiolane, selenophene, pyrrole, pyrrolidine, phosphole, 1 ,3-dioxolane, 
1,2-dithiole, 1 ,2-thiolane, 1 ,3-dithiole, 1 ,3-dithiolane, oxazole, 4,5-dihydrooxazole, isoxazole, 4,5-dihydroisox- 
azole, 2,3-dihydroisoxazoIe, thiazole, isothiazole, imidazole, imidazolidine, pyrazole, 4 t 5-dihydropyrazole. 
pyrazolidine, triazole, pyran ; pyran-2-one, 3 : 4 dihydro-2H-pyran, tetrahydropyran, 4H-pyran, pyran-4-one, py- 
ridine, pyridone, pipcridine, phosphabenzene, 1,4-dioxin, 1.4-dithiin, 1 ,4-oxathiin, oxazine, 1 ,3-oxazinone, 
morpholine, 1,3-dioxane; 1 ,3-dithiane, pyridazine, pyrimidine, pyrazine, piperazine, 1 ,2,4-triazine, 1,3,5-tri- 
55 azine : 1 1 3,5-triaza-cyclohexane-2,4,6- trione; 

G is a bridge between A and Z, G' is a bridge between NH and Z and G" is a bridge between E and Z, same 
or different, not necessary present, and are formed of one to ten moieties, each moiety being selected from 
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10 



the group consisting ol phenylene. alkylene containing 1-12 carbon atoms, ethynediyl (-C = C-), ether (-O-). 
thioether (-S-). ^rnide (-CO-NH- and -NH-CO- and -CO-NR'- and -NR'-CO-K carbonyl (-CO-), ester (-COO- 
and -OOC-), disultide (-S-S-), diaza (-N=N-), and tertiary amine (-N(FT)-). wherein R" represents an aikyl con- 
taining less than 5 carbon atoms: 

R' is -COOFT where FT' is an alkyl of 1 to 4 carbon atoms, phenyl or benzyl, which phenyl or benzyl can be 
substituted or unsubstituted, 

with a functional group which is bound to a solid phase, 

b) cleaving the product obtained in step a) from the solid phase, converting R' to -COOH, and removing optional 
protection groups, 

c) converting the product from step b) to a lanthanide chelate, and 

d) in case the functional group mentioned in step a) is not part of the final biospecitic binding specific reactant, 
attaching said biospecific binding reactant to the lanthanide chelate obtained in step c). 

[0012] According to yet another aspect, this invention concerns a novel method of labeling a biospecific binding 
20 reactant with an exact, predetermined number of labeling reaclanls of formula (I) in a solid-phase synthesis, said 
method comprising the steps of 

a) reacting a labeling reactant of formula (I) 



75 



25 



35 



SO 



R 

/ 

G 
I 

.A. 



R" R'R' R" 



(I) 



wherein 



A is a bivalent aromatic structure capable of absorbing light or energy and transferring the excitation energy 
40 to a lanthanide ion after the product made by the said solid-phase synthesis has been released from the used 

solid support, deprotected and converted to a lanthanide chelate; 

R is - 2(G'-NH-X)G"- E, where 

45 X is a transient protecting group, where said group is e.g. 2-(4-nitrophenyisulfonyl)ethoxycarbonyl, tntyl, 

4-methoxytrityl, 4,4'-dimethoxytrityl, feri-butoxycarbonyl, fluorenylmethyloxycarbonyl; 

E is acarboxylic acid, its salt, active ester or halide, where the said ester is e.g. an /V-hydroxysuccinimido, o-, 
p-o\ /n-nitrophenol, 2,4-dinitrophenol or pentafluorophenol, and the said halide is fluoride, bromide or chloride; 



Z is the bridge point and is formed from 
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so 



55 



O I o s 

-ch ^ A / A J- 

^ ^ N I ^ / 



or trivatent derivatives, substituted of unsubstituted, of cyclohexane, cyclohexene, cyclohexadiene, benzene, 
10 cyclopentane, cyclopentene, cyclopentadiene, cyclobutane, cyclobutene, cyclobutadiene, aziridine, diazirid- 

ine, oxetane, thietane, azete, azetidine, 1 : 2-dihydro-1 ,2-diazete, 1,2-diazetidine, furan, tetrahydrofuran, thi- 
ophene, 2,5-dihydrothiophene, thiolane, selenophene, pyrrole, pyrrolidine, phosphole, 1 ,3-dioxolane, 
1,2-dithiole, 1 ,2-thiolane, 1 ,3-dithiole, 1 ,3-dithiolane, oxazole, 4,5-dihydrooxazoIe, isoxazole, 4,5-dihydroisox- 
azofe : 2,3-dihydroisoxazofe, thiazole, isothiazole, imidazole, imidazolidine, pyrazole, 4,5-dihydropyrazole, 
,s pyrazolidine, triazole, pyran, pyran-2-one, 3,4-dihydro-2H-pyran, tetrahydropyran, 4H-pyran, pyran-4-one, py- 

ridine, pyridone, piperidine, phosphabenzene, 1,4-dioxin, 1,4-dithiin, 1 ,4-oxathiin, oxazine, 1,3-oxazinone, 
morpholine, 1,3-dioxane, 1,3-dithiane, pyridazine, pyrimidine, pyrazine, piperazine, 1 ,2,4-triaztne, 1,3,5-tri- 
azine : 1 ,3,5-triaza-cyclohexane-2,4,6- trione; 

20 G is a bridge between A and Z, G* is a bridge between NH and Z and G M is a bridge between E and Z, same 

or different, not necessary present, and are formed of one to ten moieties, each moiety being selected from 
the group consisting of phenylene, alkylene containing 1-12 carbon atoms, ethynediyl (-C=C-), ether (-O-), 
thioether (-S-), amide (-CO-NH- and -NH-CO- and -CO-NR'- and -NR'-CO-), carbonyl (-CO-), ester (-COO- 
and -OOC-), disulfide (-S-S-), diaza (-N=N ), and tertiary amine (-N(FT)-), wherein FT represents an alkylcon- 

2S taining less than 5 carbon atoms; 

FT is -COOR'" where R ,n is an alkyl of 1 to 4 carbon atoms, phenyl or benzyl, which phenyl or benzyl can be 
substituted or unsubstituted, 

30 with a functional group which is bound to a solid phase, 

b) removing the transient protecting group X and optionally other transient protecting groups attached to the solid 
phase, 

35 c) reacting the labeling reactant of formula (I) with a deprotected functional group attached to the solid phase, 

d) optionally repeating the steps b) to c) the number of times necessary to achieve the exact, predetermined 
number of labeling reactants of formula (I) bound to the solid phase, 

•to e) cleaving the product obtained after the final step c) from the solid phase, converting R" to -COOH, removing the 

group or groups that have bound the product to the solid phase, and removing optional protecting groups, and 

f) converting the product from step e) to a lanthanide chelate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[OX) 13] 



Figure 1 shows reversed phase HPLC trace of the oligopeptide conjugate R-E-S-Q-N-Y-P-l-V-X^CONHg after 
deprotection (crude reaction mixture). X 1 is the deprotected labeling reagent 5 coupled to the COOH terminus of 
the oligopeptide, and 

Figure 2 shows electron spray mass spectrum of the oligopeptide conjugate (major peak of the HPLC profile shown 
in Figure 1 ). 

DETAILED DESCRIPTION OF THE INVENTION 

[0014] The novel labeling reactants and novel labeling methods according to the present invention are particularly 
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suitable in the labeling ol small molecules. Said small molecules are biospecitic binding reactants including but not 
limited to anligens, haptens, peptides, receptor ligands, drugs or PNA oligomers which are used in specific bioaffinity 
based binding assays, such as immunoassays, DN A hybridization assays, receptor binding assays, immunocytochem- 
ical or immunohistochemical assays utilizing fluorometric or time-resolved fluorometric determination of the specific 
5 luminescence. 

[0015] Particularly preferable transient protecting groups X are 2-(4-nitrophenylsulfonyl)ethoxycarbonyl, trityl, 
4-methoxytrityl, 4,4 , -dimethoxytrityl, fluorenylmethyloxycarbonyl (Fmoc) or /erf-butoxycarbonyl (Boc). 
[0016] The substituent FT' is preferably methyl, ethyl or /erf-butyl. 

[0017] The term "bivalent" in the definition of A shall mean a chemical group bound to two neighboring atoms. 
io [0018] The bivalent aromatic structure A is preferably selected from a group consisting of the structures disclosed 
in Scheme 1. 

[0019] Most preferably, the labeling reactant is either 6-{N-{4-{2 n -{2 m ,6 m -bis{A/ ; A/-bis [(fert-butoxycarbonyl)methyl] 
-aminomethyl)-4"'-pyridyl}ethynyl}phenoxymethylcarbonyl}amino}-2-[-A/-(fluorenylmethyloxycarbonyl)amino]hexano- 
ic acid (5); 6-{A/-{4 , -{2°- {1 <,, l 3'"-bis[(?ert-butoxycarbonyt)methyl]amino-meth-5 m '-yl-2 M,, -pyridyl}-1 H-pyrazol-4 M '-yl}ethyl} 
'S phenoxymethylcarbonyl}amino-2-[N-(fluorenylmethyloxycarbonyl)-amino]hexanoic acid(10)ortetra(ferf-butyl){2,2\2", 
2' M -[[4-|4-[N-(carboxymethyl)-N- [2-(4-methoxytritylamino)ethyl)aminocarbonylmethoxy]phenylethynyljpyridine-2 1 6-di- 
yl]bis(methylenenitrilo)tetrakis(acetate)} (13). 

[0020] According to a preferred embodiment of the invention the lanthanide chelate is a europium(lll), terbium(lll), 
samarium(lll) or dysprosium(lll) chelate. 

20 [0021] The labeling of said biospecific binding reactants is performed by using solid-phase synthesis methods. It has 
appeared desirable to prepare suitable protected monomers that could be incorporated into said biospecific binding 
reactants during solid-phase synthesis. The labeling reactants of the present invention form a luminescent labeled 
biospecific binding reactant after releasing the product from solid support, deprotection and addition of a suitable lan- 
thanide ion. The labeling technique of the present invention has many advantages over conventional labeling in liquid 

2S phase, such as high yields of easily purified products, straightforward routine automation leads to improved robustness, 
upscaling and repeatability of synthesis and labeling of biospecific binding reactant with an exact number of stabfe 
luminescent lanthanide chelates is possible. Although many of the advantages relate to solid-phase labeling, the com- 
pounds of the present invention can also be used in liquid phase labeling. 

[0022] The labeling reactants and the methods of this invention combine several important features, such as: 

30 

- . aromatic structure capable of absorbing light or energy and transferring the excitation energy to a lanthanide ion 
after the product made by the said solid-phase synthesis has been released from the used solid support, deprq- 
tected and converted to a lanthanide chelate, 

35 - functional group or groups allowing efficient coupling of the compound to the said biospecific binding reactant 
without destroying its binding properties and decreasing the luminescence properties of the final labeled biospecific 
binding reactant. 

other functional groups are suitably protected against conditions and reactants used in solid-phase synthesis and 
-to it is easy todeprotect the functional groups during solid-phase synthesis and/or after the product has been released 

from the solid support. 

[0023] It is, however, not absolutely necessary that the final biospecific binding reactant is bound to the solid phase 
already when the labeling reactant is attached to the functional group on the solid phase. The final biospecitic binding 
^5 reactant can be synthetized on the solid phase after the connection of the labeling reactant, or alternatively, the product 
comprising labeling reactants and optionally also spacer molecules, can be built up on the solid phase and then cleaved 
therefrom whereafter the cleaved product, before or after having been converted into a lanthanide chelate, is finally 
reacted in solution with the biospecific binding reactant. 

[0024] According to one embodiment, a spacer molecule having a transient protecting group is reacted with a func- 
so tional group on the solid phase and said transient protection group is removed prior to an introduction of the labeling 
reactant onto the solid phase. As an example of such a spacer molecule can be mentioned 6-aminohexanoic acid 
having the amino group protected with a transient protecting group, e.g. a group X as mentioned before. 
[0025] The labeling reactant can be introduced into biomolcculcs with the aid of peptide synthesizer. The reagent is 
coupled to an amino tethered solid support or immobilized amino acid by e.g. carbodiimide chemistry described in 
55 Jones, J.. The Chemical Synthesis of Peptides, Oxford Univesity Press, Oxford, 1994, (i.e. the carboxylic acid function 
of the labeling reagent reacts with the amino group of the solid support or amino acid in the presence of an activator). 
When the condensation step is completed the transient amino protecting group of the labeling reagent is selectively 
removed while the material is still attached to the solid support (e g with piperidine in the case of Fmoc-protecting 
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group). Then second coupling of a labeling reagent or other reagent (amino acid, hapten) is periormed as above. When 
the synthesis of the desired molecule is completed, the material is detached from the solid support and deprotected 
Purification can be performed by HPLC techniques. Finally the purified ligand is converted to the corresponding lan- 
thanide(lll) chelate by addition of known amount of lanthanide(lll) ion. (Mukkala. V.-M. et al. Hetv. Chim. Acta 1993. 
5 76, 1361 and M. Kwiatkowski, M. Samiotaki. U Lamminmaki, V.-M. Mukkala and U. Landegren, Nucleic Acid Res., 
1994, Vol 22, 2604-2611). 

[0026] The invention is further elucidated by the following examples. The structures and the synthetic routes em- 
ployed in the experimental part are depicted in Schemes 2-5. Scheme 2 illustrates the synthetic procedures for the 
preparation of the labeling reagent 5. The experimental details are given in Examples 1 -4. Scheme 3 illustrates synthetic 

10 procedures for the preparation of the labeling reagent 10. The experimental details are given in Examples 5-8. Scheme 
4 illustrates the synthetic procedures for the preparation of the labeling reagent 1 3. The experimental details are given 
in Examples 9-11. Introduction of the labeling reagent 5 into an oligopeptide structure using machine assisted solid 
phase chemistry is described in Example 1 2. A solid phase method for the preparation of an estradiol conjugate lethered 
to four labeling reagents 5 is illustrated in Scheme 5. In order to increase the coupling efficiency, an aliphatic spacer 

75 molecule (6-aminohexanoic acid) is introduced between the labeling reagents The experimental details are given in 
Example 13. 

EXPERIMENTAL PROCEDURES 

20 [0027] Adsorption column chromatography was performed on columns packed with Kieselgel 60 (Merck). Analytical 
TLC was conducted on silica gel 60 F 254 plates (Merck) using the following solvent systems. System A: petroleum 
ether / ethyl acetate 5/2 (v/v); System B: CHCI 3 /MeOH 8/2 (v/v). NMR spectra were recorded on a Jeol LA-400 instru- 
ment operating at 399.8 and 105.0 MHz for 1 H and 13 C, respectively. TMS was used as an internal reference. Coupling 
constants are given in hertz. IR spectra were recorded on Perkin Elmer 2400 spectrophotometer. 

25 

Example 1 

The synthesis of methyl (4-ethynylphenoxy)acetate (2). 

30 [0028] A solution of methyl (4-trimethytsilylethynylphenoxy)acetate (20.00 g, 76 mmof) in dichloromethane (400 mL) 
was deaerated with argon. Tetrabutylammonium fluoride 24.40 g, 91 mmol) was added, and the mixture was stirred 
for 30 min at ambient temperature. The solution was washed with 10% aqueous citric acid (200mL), water (5 x 400 
mL), dried over Na 2 S0 4 and concentrated. The residue was dissolved in diethyl ether and passed through a column 
filled with silica gel. Evaporation of diethyl ether yielded the title compound as a solid (12.63 g, 83%) which was chro- 

35 matogra-phically and spectroscopically identical with material synthesized previously (Takalo, H., Hemmila, I., Sutela, 
T. and Latva, M, 1996, Helv. Chim. Acta, 79, 789). R f (A) 0.50. 

Example 2 

•*o The synthesis of tetra(tert-butyl) 2,2*,2 l, ,2 , "-{{4-[4 , -(methoxycarbonytmethoxy)phenylethynyl] pyridine-2,6-diyl}bis 
(methylenenitrilo)Jtetrakis(acetate) (3). 

[0029] A mixture of tetra(terf-butyl) 2,2,2 rt ,2'"-[(4-bromopyridine-2,6-diyl)bis-(methylenenitrilo)]tetrakis(acetate) (1) 
(2.32 g, 3.4 mmol), bis(triphenylphosphine)palladium(l!) chloride (0.050 g, 70 mmol) and Cul (0.027 g, 140 mmol) in 
dry THF (10 mL) and dry triethylamine (10 mL) was deaerated with argon. Compound 2 (0.79 g, 4.1 mmol) was added 
and the mixture was stirred for 7 h at 50 °C. The cooled solution was filtered, the filtrate evaporated and redissolved 
in chloroform (150 mL). The solution was washed with water (3x 150 mL), dried and evaporated. Purification on silica 
gel (System A) yielded the title compound as an oil (2.01 g, 75%). R f (A) 0.40. IR (film): 2212 (C=C), 1750 (C=0), 
1730(C=O). 1 H NMR (CDCI 3 ): 6 1.47 (36H, s), 3.50 (8H, s), 3.83 (3H, s). 4.02 (4H, s), 4.67 (2H, s), 6 90 (2H. d, J9.0), 
50 7.46 (2H, d, J9.0), 7.60 (2H, s). 13 C NMR (CDCI 3 ): 5 28.19, 52.36, 55.86, 59.73, 65.18, 81.25, 86.96, 92.89, 114.74, 
115.90, 122.66, 132.68, 132.69, 133.44, 158.19, 168.98, 171.11 

Example 3 

$ 5 The synthesis of 4-{2" , ,6" , -bis{N,N-bis[{tert-butoxycarbonyl)methyl]aminomethyl}-4'"-pyridyl}ethynyl} 
phenoxymethylacetic acid (4). 

[0030] Compound 3 (1 93 g, 2.5 mmol) was dissolved in 0.25 M KOH (25 mL. 98 % EtOH. 2% water) and the mixture 
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was stirred for 10 mm at room temperature. The reaction was quenched by addition ol 10% aqueous citric acid (100 
mL) The resulting suspension was extracted with chloroform (100 ml_) The organic layer was washed with citric acid 
(2 x 100 mL) and wafer (2 x 100 mL). Evaporation to dryness yielded the title compound as a solid (87%). R f (B) 0.4. 
IR (film): 2209 (C=C). NMR (DMSO-d 6 ): 5 1.41 (36H. s). 3.48 (8H, s), 3.89 (4H. s). 4.76 (2H, s). 6.99 (2H. d. JQ.B). 
5 7.52 (2H. d, J 8.8) t 7.52 (2K s). 

Example 4 

The synthesis of 6-{N-{4-{2 M -(2 m ,6 ,,l -bis{A/,A/-bis[(fert-butoxycarbonyl)methyl] aminomethyl}-4 MJ -pyridyl}ethynyl} 
w phenoxymethylcarbonyl}amino}-2[A/-(fluorenylmethyloxycarbonyl)amino]hexanoic acid (5). 

[0031] Compound 4 (0.75 g, 0.98 mmol) and /V-hydroxysuccinimide (HO-Su) (0.13 g, 1.1 mmol) were dissolved in 
dry dioxane (30 mL). DCC (0.23 g, 1.1 mmol) predissolved in dry dioxane (5 mL) was added and the mixture was 
stirred for 4 h at room temperature and filtered on a solution of a-Fmoc-lysine hydrochloride (0.88 g, 2.2 mmol) in the 

75 mixture of dry DMF (15mL) and pyridine (5mL). After 4 h, ethanol free chloroform (150 mL) was added and the solution 
was washed with 10% aq. citric acid (3 x 50 mL) and water (50 mL), dried (4 A molecular sieves) and concentrated. 
Purification on silica gel (System B) yielded the title compound as a solid (56%). IR (film): 3315 (OH), 2210 (C=C), 
1681 (C=0). *H NMR (DMSO-d 6 ): 6 1.23 (2H, m), 1.40 (36H s). 3.10 (2H, m), 3.30 (4H, m) : 3.42 (8H, s), 3.89 (4H, s), 
3.73 (1H, m), 4.24 (5H, m), 4.51 (2H, m), 7.01 (2H, d, J 8.8), 7.32 (2H, t. J 7.2), 7.40 (2H, t, J 7.2), 7.51 (2H, s), 7.52 

20 (2H, d, J8.8), 7.69 (2H. d, J 7.5), 7.88 (2H, d, J 7.5), 8.17 (1H, t, J 6.3), 8.32 (1H, s). 

Example 5 

The synthesis of tetra(teri-butyl) 2,2',2 # ,2" , -{{6,6 , -[4'-(methoxycarbonylmethoxy)phenylethynyl]-1 H-pyrazol-1 rt ,3 M -diy!} 
25 bisfpyridincJ^^'-diyllbis^mcthylencnitriloJltetrakisfacctatc) (7). 

[0032] A mixture of compound 6 (2.14 g, 2.5 mmol), bis(triphenylphosphine)palladium(ll) chloride (35 mg, 50 mmol), 
and Cul (19 mg, 0.1 mmol) in dry DMF (12.5 mL) containing dry triethylamine (10 mL) was deaerated with argon. The 
mixture was stirred overnight at 35 °C. The solution was filtered and concentrated. The residue was dissolved in chlo- 
30 roform (100 mL), washed with water (3 x 100 mL). dried and concentrated Purification was performed on silica gel 
column (System A). Yield was 1.12 g (45%). R f <'A>0.2. IR (film): 1737 (0=O), 1143 (C-O. C=0). *H NMR (DMSO-d 6 ): 

6 1 .38 (18H. s), 1 42 (18H, s), 3.49 (4H, s), 3.52 (4H, s), 3.72 (3H, s), 4.00 (2H, s), 4.08 (2H. s), 4.86 (2H, s), 6.98 (2H, 
d, J 8.9), 7.95 (1H, t, J 7.8), 8.01 (1H. d, J7.1). 8.88 (1H, s). 

35 Example 6 

The synthesis of tetra(tert-butyl) 2,2',2V2 u '-{{6 ( 6 , -{2-[4'-(methoxycarbonylmethoxy)phenyl]ethyl}-1 H-pyrazole-1",3 M - 
diyl}bis(pyridine)-2,2'-diyl} bts(methylenenitrib)}tetrakis(acetate) (8). 

40 [0033] Compound 7 (0.82 g, 0.88 mmol) was dissolved in dry methanol (60 mL). Pd/C (0. 16 g; 10%) was added and 
the reaction was stirred for 4 h under hydrogen atmosphere. The solution was filtered through celite and evaporated. 
Yield was 0.57 g (70%). R f (A) 0.3. IR(film): 1738 (C=0), 11 43 (C-O). 'H NMR (DMSO-d 6 ): 5 1 .37 (1 8H, s), 1 .41 (18H, 
s), 2.88 (2H, d, J 8.4), 3.18 (2H, d, J 8.4), 3.48 (4H. s). 3.49 (4H, s). 3.66 (3H, s), 3.98 (2H, s), 4.04 (2K s), 4 73 (2H, 
s), 6.82 (2H, d, J 3.4), 7.18 (2H, d, J 8.4), 7.47 (1H, d, J7.6), 7.55 (1K d, J7.6), 7.87 (1H, d. J7.8), 7.88 (1H, t, J7.6), 

-*5 7.96 (1H, t, J7.8), 7.98 (1H, t, J 7.6), 6.44 (1H, s). 

Example 7 

The synthesis of (4'-{2"-{1 " , l 3 ,M -bis[(/ert-butoxycarbonyl)methyl]aminomeUv5""-yl-2 , " , -pyridyl}-1 H-pyrazol-4"'-yl} 
50 ethylphenoxyjacetic acid (9). 

[0034] The title compound (9) was synthesized as described above for 4 in Example 2 by using compound 8 (0.57 
g, 0.62 mmol) as the starting material. Purification was performed on silica gel (petroleum ether / ethyl acetate 5/2 -> 
MeOH/CHCI 3 2/8) Yield was 100%. R f (B) 0.95. NMR (DMSO-d 6 ): 6 1 .37 (18H, s), 1.41 (18H, s), 2.84 (2H. d, J8.4), 
55 3.15 (2H : d, J8.4) 3.47 (4H, s). 3.48 (4H, s), 3.98 (2H, s), 4.03 (2H, s) 4 17 (2H s), 6.74 (2H, d, J 8.4), 7.11 (2H. d, J 
8.4), 7.46 (1H. d. J 7.8), 7.55 (1H, d, J 6.9), 7.87 (1H, d, J 7.8), 7.88 (1H, t, J 7.9). 7.95 (1H, d, J 6.9), 7.98 (1H t, J 

7 3), 8 44 (1H s) 
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Example 8 

The synthesis of 6-{N-{4'-{2"-{1 M \3'''-bis[(ferf-butoxycarbony0 

ethyl(phenoxymethylcarbonyt}-amino-2-[A/-(fluorenylmethyloxycarbonyl) aminojhexanoic acid (10). 

5 

[0035] The title compound ( 1 0) was synthesized as described in Example 4 for 5 by using 9 as the starting material. 1 H 
NMR (DMSO-d 6 ): 6 1.05 (1H, m), 1.20 (2H, m), 1.36 (18H, s), 1.40 (18H, s), 1.60 (2H, s), 1.71 (2H, m). 2.86 (2H, t, J 
7.9), 3.10 (2H, m), 3.18 (2H, m), 3.30 (4H, s). 3.38 (4H, s), 3.80 (1H, m), 3.97 (2H, s), 4.03 (2H, s), 4.23 (4H, m), 4.39 
(2H, s), 6.85 (2H, d, J 8.6), 7.17 (2H, d, J8.6), 7.31 (2H, 7, J7.4), 7.40 (2H, U7.4), 7.47 (1H, d, J7.7), 7.55 (1H, d, 
io J 7.7). 7.70 (2H, d, J 7.3), 7.88 (1H, d, J 7.6), 7.99 (1H, d, J 7.8), 8.44 (1H, s). 

Example 9 

The synthesis of methyl N-[2-{4-methoxytrityl)amino}ethyl]glycinate (11). 

15 

[0036] N1-[4-methoxytritylJ-1 ( 2-diaminoethane (4.69 g, 14.2 mmol) was dissolved in dry THF (20 mL). Dry TEA (2 
mL) and methyl bromoacetate (1.58 mL, 14.2 mmol) were added, and the mixture was strirred for 1 h at room temper- 
ature : after which the precipitation formed was filtered. After concentration the filtrate was dissolved in ethyl acetate, 
washed with sat. Na 2 S0 4: water and dried. Purification on silica gel (eluent PE:EA:TEA 5:1:1) yielded the title compound 
so as an oil. 'H NMR (CDCI 3 ): 6 1.93 (1H, br), 2.26 (2H, t, J 5.6), 2.72 (2H, t, J 5.6), 3.34 (2H, s), 3.69 (3H, s), 3.74 (3H, 
s), 6.80 (2H, d, J 8 6) 7.14 (2H, t), 7.24 (4H, i), 7.36 (2H, d), 7.46 (4H, t). 

Example 10 

2B The synthesis of tctraf fort-butyl) {2,2',2",2 M, -[[4-[4-[N-(methoxycarbonylmethyl)-N-[2-(4-methoxytritylamino)ethyl) 
aminocarbonylmethoxylphenylethynyl]pyridine-2,6-diyl]bis(methylenenitrilo)tetrakis(acetate)} (12) 

[0037] Compound 4 (0.5 g, 0 65 mmol), compound 11 (0.26 g, 0.65 mmol) and N-hydroxysuccinimide (115 mg, 1.0 
mmol) were dissolved in dry acetonitrile DCC (134 mg, 0 65 mmol; predissolved in dry acetonitrile) was added and 
oo the mixture was stirred overnight at room temperature. DCU formed was filtered and the filtrate was concentrated in 
vacuo. Purification on silica gel yielded 12. 1 H NMR (CDCI 3 ): 6 1.41 (36H. s), 2.27 (2H, m), 2.61 (2H. m), 3.38 (2H, s), 
3.47 (8H, s). 3.68 (3H ( s), 3.76 (3H, s). 4.00 (4H, s), 6.77 (2H, d. J 8.8), 6.89 (2K d, J 8.8), 7.41-7.14 (14H, m), 7.51 
(2H, s). 

35 Example 11 

The synthesis of tetra(tert-bulyl)(2,2\2^2' u -[[4^ 

aminocarbonylmethoxy)phenylethynyl]pyridine-2,6-diyl]bis(methylenenitrilo)tetrakis(acetate)} (13). 

40 [0038] Compound 12 was hydrolyzed and purified as desctibed in Example 3. Yield was 65%. 1 H NMR (CDCI 3 ): 5 
1 .39 (36H, s), 2.26 (2H, m), 2.61 (2H, m), 3.38 (2H, s), 3.47 (8H, s), 3.70 (3H, s), 3.78 (3H, s), 4.00 (4H ( s), 6.77 (2H, 
d, J 8.8), 6.89 (2H, d, J 8.8), 7.42-7. 17 (14H, m), 7 54 (2H, s). 

Example 1 2 

45 

Introduction of the labeling reagent into oligopeptides. 

[0039] In order to demonstrate the applicability of the ligands prepared to oligopeptide labeling, a sequence R-E-S- 
Q-N-Y-P-l-V-X 1 -CONH 2 was synthesized on a Perkin Elmer 433A peptide synthesizer (5 mmol scale) using standard 
50 Fmoc chemistry. The ligand 5 was introduced in the first coupling step using a prolonged coupling time (1 h instead of 
30 min). When the chain assembly was completed, the oligopeptide was deprotected and purified by HPLC. A typical 
HPLC trace (a crude reaction mixture) is shown in Figure 1. The product was confirmed by electron-spray mass spec- 
trometry (Figure 2). Finally the purified material was converted into the corresponding europium(lll) chelate using the 
standard protocol. 

55 
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Example 1 3 

Labeling of estradiol with four europium(IIO chelates. 

5 [0040] The labeling reagent 5 was introduced into an amino derivatized solid support as described in Example 12. 
After removal of the a-Fmoc protecting group 6-Fmoc-aminohexanoic acid was coupted. These cycles were repeated 
three times and an estradiol derivative tethered to a carboxylic acid linker was introduced as the last coupling step. 
Deprotection and purification were performed as described in Example 12. 

[0041] It will be appreciated that the methods of the present invention can be incorporated in the form of a variety of 
io embodiments, only a few of which are disclosed herein. It will be apparent for the specialist in the field that other 
embodiments exist and do not depart from the spirit of the invention. Thus, the described embodiments are illustrative 
and should not be construed as restrictive. 
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Scheme 1 
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Scheme 4 



10 



15 



20 



on 



35 



MMTrHN' 



.NH- 



BrCH 2 COOMe 
THF. TEA MMTrHN"""^ 



u ° 



OMe 



R R R R 
N N 



MMTrHN' 




ii 




o 



11 

R R R R 
V N 



HO-Su 
DCC 



KOH 
MeOH 



.COOMe 



12 



MMTrHN' 




R = COO-f-Bu 




O 



-N^COOH 
13 



40 



45 



. SO 



55 



BNSOOOD <EP „0&6720SA1 l„> 



15 



EP 0 967 205 A1 



UJ 



5 




Claims 

1. A labeling reactant of formula (I) suitable for labeling of a biospecific binding reactant using solid-phase synthesis 
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G 
I 

' A - (I) 



R' R'R' R' 



wherein 



is A is a bivalent aromatic structure capable of absorbing light or energy and transferring the excitation energy 

to a lanthanide ion after the product made by the said solid-phase synthesis has been released from the used 
solid support, deprotected and converted to a lanthanide chelate; 



R is - Z(G'-NH-X)G--E, where 

X is a transient protecting group, where said group is e.g. 2-(4-nitrophenylsulfonyl)ethoxycarbonyl, trityl, 
4-methoxytrityl, 4 ) 4'-dimethoxytrityt, re/1-butoxycarbonyl, fluorenylmethyloxycarbonyl; 

E is a carboxylic acid, its salt, active ester or halide, where the said ester is e.g. an A/-hydroxysuccinimido, o-, 
25 p- or m-nitrophcnol, 2,4-dinitrophcnol or pcntafluorophenol, and the said halide ts fluoride, bromide or chloride; 

Z is the bridge point and is formed from 



^ ^ N 



O I o 



— CH X / .P. .P> 



or trivalent derivatives, substituted of unsubstituted, of cyclohexane, cyclohexene, cyclohexadiene, benzene, 
cyclopentane, cyclopentene, cyclopentadiene, cyclobutane, cyclobutene, cyclobutadiene, aziridine, diazirid- 
ine, oxetane, thietane, azete, azetidine, 1,2-dihydro- 1,2-diazete, 1,2-diazetidine, furan, tetrahydrofuran, thi- 

-to ophene, 2,5-dihydrothiophene, thiolane, selenophene, pyrrole, pyrrolidine, phosphole, 1 ,3-dioxolane, 

1,2-dithiole, 1 ,2-thiolane, 1 ,3-dithble, 1 ,3-dithiolane, oxazole, 4,5-dihydrooxazole, isoxazole, 4,5-dihydroisox- 
azole : 2,3-dihydroisoxazole, thiazole, isothiazole, imidazole, imidazolidine, pyrazole, 4,5-dihydropyrazole, 
pyrazolidine, triazole, pyran, pyran-2-one, 3,4-dihydro-2H-pyran, tetrahydropyran, 4H-pyran, pyran-4-one, py- 
ridine, pyridone, pipertdine, phosphabenzene, 1,4-dioxin, 1,4-dithiin, 1 ,4-oxathiin, oxazine, 1 ,3-oxazinone, 

•*s morpholine, 1,3-dioxane, 1,3-dithiane, pyridazine, pyrimidine, pyrazine, piperazine, 1 ,2,4-triazine, 1,3,5-tri- 

azine ; 1 ,3,5-triaza-cyclohexane-2,4,6- trione; 

G is a bridge belween A and Z, G* is a bridge between NH and Z and G" is a bridge between E and Z, same 
or different, not necessary present, and are formed of one to ten moieties, each moiety being selected from 
50 the group consisting of phenylene, alkylene containing 1-12 carbon atoms, ethynediyl (-C=C-), ether (-O-), 

thioether (-S-). amide (-CO-NH- and -NH-CO- and -CO-NR'- and -NR'-CO), carbonyl (-CO-), ester (-COO- 
and -OOC-). disulfide (-S-S-), diaza (-N=N-), and tertiary amine (-N(R H )-), wherein R" represents an alkyl con- 
taining loss than 5 carbon atoms; 

55 R' is -COOR"' where R m is an alkyl of 1 to 4 carbon atoms, phenyl or benzyl, which phenyl or benzyl can be 

substituted or unsubstituted. 

2. The labeling reactant according to claim 1 wherein X is fluorenylmethyloxycarbonyl (Fmoc), /erf-butoxycarbonyl 
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(Boc) or 4-methoxytrityl. 

3. The labeling reactant according to claim 1 wherein FT" is methyl, ethyl or /er/-butyl. 

4. The labeling reactant according to claim 1 wherein the biospecific binding reactant is selected from a group con- 
sisting of an antigen, a hapten, a peptide, a receptor ligand, a drug or PNA oligomer 

5. The labeling reactant according to claim 1 wherein -A- is a bivalent aromatic structure selected from a group 
consisting of the structures disclosed in Scheme 1 . 

6. The labeling reactant according to claim 1 selected from the group consisting of 6-{A/-(4-(2 M -(2 , ",6" , -bis{A/,A/-bis[ 
r7err-butoxycarbonyl)methyl]a™^ [A/-(fluorenyl- 
methyloxycarbonyl)amino]hexanoic acid (5), 6-{W-{4 , -{2 ,,, -{1 ,, \3 , "-bis[(terf^ 
yl-2 ,,M -pyridyl}-1H-pyrazol-4 M, -y^ 

hexanoicacid(IO) andtetra(terf-butyl){2,2\2'\2 M, 4[4-^ 

nocarbonylmethoxyJphenylethynyl)pyridine-2,6-diyl]bis(methylenenitrilo)tetrakis(acetate)} (13). 

7. A method of labeling a biospecific binding reactant in a solid-phase synthesis, said method comprising the steps of 

a) reacting a labeling reactant of formula (I) 



R 

/ 

G 
I 




R' R'R' R' 



wherein 

A is a bivalent aromatic structure capable of absorbing light or energy and transferring the excitation 
energy to a lanthanide ion after the product made by the said solid-phase synthesis has been released 
from the used solid support, deprotected and converted to a lanthanide chelate; 

R is ^(G'-NH-XJC-E, where 

X is a transient protecting group, where said group is e.g. 2-(4-nitrophenylsulfonyl)ethoxycarbonyl, trityl, 
4-methoxytrityl, 4,4 , -dimethoxytrityl, ferf-butoxycarbonyl, fluorenylmethyloxycarbonyl; 

E is a carboxylic acid, its salt, active ester or halide, where the said ester is e.g. an A/-hydroxysuccinimido, 
o-, p- or m-nitrophenol, 2,4-dinotrophenol or pentafluorophenol, and the said halide is fluoride, bromide 
or chloride; 

Z is the bridge point and is formed from 
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or tnvalent derivatives, substituted of unsubstituted, of cyclohexane cyclohexene, cyclohexadiene ben- 
zene, cyclopentane. cyclopentene, cyclopentadiene, cyciobutane, cyclobutene. cyclobutadiene, azindme, 
diaziridine, oxetane, thietane, azete. azetidine, 1 .2-dihydro-1 ,2-diazete. 1 .2-diazetidine. f uran, tetrahydro- 
furan. thiophene. 2.5-dihydrothiophene, thiolane. selenophene, pyrrole, pyrrolidine, phosphole. 1,3-diox- 

5 olane, 1 ,2-dithiole, 1 ,2-thiolane, 1 ,3-dithiole, 1 ,3-dithiolane, oxazole, 4,5-dihydrooxazole, isoxazole, 

4.5-dihydroisoxazole, 2,3-dihydroisoxazole, thiazole, isothiazole, imidazole, imidazoline, pyrazole, 
4.5-dihydropyrazole, pyrazolidine, triazole, pyran, pyran-2-one, 3,4-dihydro-2H-pyran, tetrahydropyran, 
4H-pyran, pyran-4-one, pyridine, pyridone, piperidine, phosphabenzene, 1,4-dioxin, 1,4-dithiin, 1,4-ox- 
athiin, oxazine, 1 ,3-oxazinone, morpholine, 1,3-dioxane, 1 ,3-dithiane, pyridazine, pyrimidine, pyrazine, 

to piperazine, 1 ,2,4-triazine, 1 ,3,5-triazine, 1 ,3,5-triaza-cyclohexane-2,4,6- trione; 

G is a bridge between A and Z, G' is a bridge between NH and Z and G" is a bridge between E and Z, 
same or different, not necessary present and are formed of one to ten moieties, each moiety being se- 
lected from the group consisting of phenylene, alkylene containing 1-12 carbon atoms, ethynediyl (-C=C-), 
/5 ether (-O-), thioether (-S-). amide (-CO-NH- and -NH-CO- and -CO-NR- and -NR'-CO), carbonyl (-CO-), 

ester (-COO- and -OOC-). disulfide (-S-S-), diaza (-N=N-), and tertiary amine (-N(R")-) t wherein R" rep- 
resents an alkyl containing less than 5 carbon atoms: 

R' is -COOR'" where R ,M is an alkyl of 1 to 4 carbon atoms, phenyl or benzyl, which phenyl or benzyl can 
20 be substituted or unsubstituted, 

with a functional group which is bound to a solid phase, 

b) cleaving the product obtained in step a) from the solid phase, converting R' to -COOH, and removing optional 
25 protection groups, 

c) converting the product from step b) to a lanthanide chelate, and 

d) in case the functional group mentioned in step a) is not part of the final biospecific binding specific reactant, 
30 attaching said biospecific binding reactant to the lanthanide chelate obtained in step c). 

8. The method according to claim 7 wherein X in the labeling reactant is fluorenylmethyloxycarbonyl (Fmoc) : tert- 
butoxycarbonyl (Boc) or 4-methoxytrityl. 

35 9. The method according to claim 7 wherein R"' in the labeling reactant is methyl, ethyl or rerf-butyl. 

10. The method according to claim 7 wherein the biospecific binding reactant is selected from a group consisting of 
an antigen, a hapten, a peptide, a receptor ligand, a drug or PNA oligomer. 

•*o 11. The method according to claim 7 wherein - A - in the labeling reactant is a bivalent aromatic structure selected 
from a group consisting of the structures disclosed in Scheme 1. 

12. The method according to claim 7 wherein the labeling reactant is selected from the group consisting of 6-(N-{4- 
(2"-(2'",6 , "-bis(/\/,A/-bisl(ferr-butoxycarbonyl)methyt] aminomethyl}-4" , -pyridyl)ethynyl}phenoxymethyl-carbonyl}- 
^5 amino}-2-[-/V-(fluorenylmethyloxycarbonyl)amino]hexanoicacid(5), 6-{/V-{4'-{2 ,, -{ V" I 3 , "-bis[(fen*-butoxycarbonyl)- 

methyl]aminometh-5 ,,M -yl-2 M, '-pyn^^ 

yloxycarbonyl)amino]hexanoic acid (10) and tetra(ferT-butyl) {2,2',2 ,, 1 2" , -[[4-|4-[N-(carboxymethyl)-N-[2-(4-methox- 

ylriiylamino)elhyl]amincK;arbon 

(13). 



50 



13. A method of labeling a biospecific binding reactant with an exact, predetermined number of labeling reactants of 
formula (I) in a solid-phase synthesis, said method comprising the steps of 

a) reacting a labeling reactant of formula (I) 
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R 



G 




R' R'R' R' 

wherein 

A is a bivalent aromatic structure capable of absorbing light or energy and transferring the excitation 
energy to a lanthanide ion after the product made by the said solid-phase synthesis has been released 
from the used solid support, deprotected and converted to a lanthanide chelate; 

R is - Z(G'-NH-X)G"- E, where 

X is a transient protecting group, where said group is e.g. 2-(4-nitrophenylsulfonyl)ethoxycarbonyl, trityl, 
4-methoxytrityl, 4,4'-dimethoxytrityl, tert-butoxycarbonyl, fluorenylmethyloxycarbonyl; 

E is a carboxyltc acid, its salt, active ester or halide, where the said ostor is e.g. an N-hydroxysuccinimido, 
o-,p~ or m-nitrophenol, 2,4-dinitrophenol or pentafluorophenol, and the said halide is fluoride, bromide or 
chloride; 

Z is the bridge point and is formed from 




or trivalent derivatives, substituted of unsubstituted, of cyclohexane, cyclohexene, cyclohexadiene, ben- 
zene, cyclopentane, cyclopentene, cyctopentadiene, cyclobutane, cyclobutene, cyclobutadiene, aziridine, 
diaziridine, oxetane, thietane, azete, azetidine, 1,2-dihydro-1 ,2-diazete, 1,2-diazetidine, furan, tetrahydro- 
furan, thiophene, 2,5-dihydrothiophene, thiolane, selenophene, pyrrole, pyrrolidine, phosphole, 1 ,3-diox- 
olane, 1 ,2-dithiote, 1 ,2-thiolane, 1 ,3-dithiole, 1 ,3-dithiolane, oxazole, 4,5-dihydrooxazole, isoxazole, 
4.5-dihydroisoxazole, 2,3-dihydroisoxazole, thiazole, isothiazole, imidazole, imidazolidine. pyrazole, 
4,5-dihydropyrazole ! pyrazolidine, triazole, pyran, pyran-2-one, 3,4-dihydro-2H-pyran, tetrahydropyran, 
4H-pyran, pyran-4-one, pyridine, pyridone, piperidine, phosphabenzene, 1,4-dioxin, 1,4-dithiin, 1,4-ox- 
athiin, oxazine, 1 ,3-oxazinone, morpholine, 1,3-dioxane, 1 ,3-dithiane. pyridazine, pyrimidine, pyrazine, 
piperazine, 1 ,2,4-triazine, 1 ,3,5-lriazine, 1 ,3,5-triaza-cyclohexane-2,4,6- trione: 

G is a bridge between A and Z, G' is a bridge between NH and Z and G" is a bridge between E and Z, 
same or different, not necessary present and are formed of one to ten moieties, each moiety being se- 
lected from the group consisting of phenylene, alkylene containing t -12 carbon atoms, ethynediyl (-C = C-), 
ether (-O-), thiocthcr (-S-), amide (-CO-NH- and -NH-CO- and -CO-NR- and -NR'-CO-), carbonyl (-CO-), 
ester (-COO- and -OOC-). disulfide (-S-S-), diaza (-N=N-), and tertiary amine (-N(R")-), wherein FT rep- 
resents an alkyl containing less than 5 carbon atoms; 

R' is -COOR'" where R'" is an alkyl of 1 to 4 carbon atoms, phenyl or benzyl, which phenyl or benzyl can 
be substituted or unsubstituted, 
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with a functional group which is bound to a solid phase. 



b) removing the transient protecting group X and optionally other transient protecting groups attached to the 
solid phase, 

5 

c) reacting the labeling reactant of formula (I) to a deprotected functional group attached to the solid phase, 

d) optionally repeating the steps b) to c) the number of times necessary to achieve the exact, predetermined 
number of labeling reactants of formula (I) bound to the solid phase, 

w 

e) cleaving the product obtained after the final step c) from the solid phase, converting R' to -COOH, removing 
the group or groups that have bound the product to the solid phase, and removing optional protecting groups, 
and 

is f) converting the product from step e) to a lanthanide chelate. 

14. The method according to claim 13 wherein step f) is followed by reacting the biospecific binding reactant with the 
lanthanide chelate obtained in step f) : to obtain the labeled biospecific binding reactant. 

20 15. The method according to claim 13 wherein the biospecific binding reaclant is reacted with the product containing 
the labeling reactants while said product stilt is bound to the solid phase. 

1 6. The method according to claim 1 3 wherein the biospecific binding reactant is built up in the solid phase synthesis. 

25 17. The method according to claim 13 wherein a spacer molecule having a transient protecting group is reacted with 
a functional group on the solid phase and said transient protection group is removed prior to an introduction of the 
labeling reactant onto the solid phase. 

18. The method according to claim 13 wherein X in the labeling reactant is fluorenylmethyloxycarbonyl (Fmoc), tert- 
30 butoxycarbonyl (Boc) or 4-metoxytrityl 

19. The method according to claim 1 3 wherein FT in the labeling reactant is methyl, ethyl or fert-buty I. 

20. The method according to claim 13 wherein the biospecific binding reactant is selected from a group consisting of 
35 an antigen, a hapten, a peptide, a receptor ligand, a drug or PNA oligomer. 

21. The method according to claim 13 wherein A in the labeling reactant is a bivalent aromatic structure selected from 
a group consisting of the structures disclosed in Scheme 1 . 

•to 22. The method according to claim 1 3 wherein the labeling reactant is selected from the group consisting of 6-{/V-{4- 
{2 m -{2'h 6"'-bis{/V,/V-bis[(te^ 

amino}-2-[-/V-(fluorenylmethyloxycarbonyl)amino]hexanoic acid (5), 6-{N-{4'-{2"-{1 "'.^"-bistfrerf-butoxycarbonyl)- 
methyl)aminometh-5 n,, -yl-2""-pyridyl}-1 /-/-pyrazol-4'"-yl}ethyl}phenoxymethylcarbonyl}amino-2-[A/-(fluorenyf- 
methyloxycarbonyh-aminojhexanoic acid (10) and tetra(re/t-butyl){2 l 2',2",2 , "-[[4-[4-[N-(carboxymethyl)-N-[2- 
-ts (4-methoxytntylamino)ethyl]aminocarbonylmethoxy]phenylethynyl]pyridine-2,6-diyl]bis(methylenenitrilo)tetrakis 
(acetate)} (13). 
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